Summary. In an attempt to study the influence of seminal prostaglandin reduction on male fertility, the effect of prolonged treatment with 4 non-steroidal anti-inflammatory drugs (acetylsalicylic acid, indomethacin, naproxen and phenylbutazone) on fertility was determined in male rats. Before the fertility experiments, the pharmacokinetics of the drugs were determined to find dosage regimens by which drug concentrations known as active from human anti-inflammatory therapy could be reached and maintained in the animals. Except for phenylbutazone, all drugs decreased prostaglandin E-2 level in seminal fluid by 80\p=n-\90%, but only indomethacin reduced fertility significantly. The results suggest that reduction of prostaglandin synthesis in male rats does not affect fertility, which might be related to the very low seminal prostaglandin levels in rats compared to those in animals of other species.
Introduction
Human semen is the richest known source of prostaglandins (PGs) in vertebrates. However, in contrast to the enormous amount of research which has been carried out on the pharmacological effects and physiological roles of PGs in the female, research into the function of PGs in semen has remained at a comparatively low level despite the absence of any convincing explanation for the presence of these compounds in semen at such large concentrations (for review see Cenedella, 1975; Kelly, 1978) . Non-steroidal anti-inflammatory drugs, such as acetylsalicylic acid, which inhibit prostaglandin synthetase in various tissues including those of the male genital tract (see Flower, 1974) , decrease human seminal PG concentrations (Collier & Flower, 1971; Horton, Jones & Marr, 1973; Freixa et al., 1984) . However, the consequences of reduction of seminal PGs by acetylsalicylic acid and related drugs for male fertility are unknown, although there is some evidence that con¬ tinuous daily intake of large doses of such drugs may impair fertility in male patients (Boyd, 1970) . The few animal studies available on this subject are controversial. Marley & Smith (1974) reported that treatment of male mice for 7 days with high doses of indomethacin reduced the fertility of the animals, but it was not clear whether this antifertility effect was related to the measured decrease in seminal PGs or to unspecific effects of the treatment on sexual drive. Cenedella & Crouthamel (1973) found that prolonged administration of acetylsalicylic acid to male mice did not change fertility in most animals but seemed to be associated with an increased level of fertility in males initially judged as sub-fertile. However, effects on PG levels were not measured, and salicylate con¬ centrations determined in the animals were far below those known to inhibit PG synthesis (Flower, unspecific part of a toxicity syndrome known from many drugs and chemicals which exert no effects on PG synthesis (Neumann, 1984) .
In the present paper, the effect of prolonged administration of various non-steroidal antiinflammatory drugs on male fertility was studied in rats. To reach and maintain drug concentrations similar to those occurring during anti-inflammatory therapy in humans, the pharmacokinetics of the drugs in male rats were determined before the fertility experiments and were taken into account for dose regimens. The 
Pharmacokinetics
As shown in Fig. 1 , with all drugs, plasma concentrations within or above the antiinflammatory concentration range known from man (50-150 µg phenylbutazone/ml, 100-250 µg salicylate/ml, 20-70 µg naproxen/ml, and 0-5-3 µg indomethacin/ml; Bochner, Carruthers, Kampmann & Steiner, 1978) Fig. 1 ). t For the first 12 h, then rapid decline (see Fig. 1 ). was determined; k. 
Effects on male fertility
As shown in Table 2 , the different drugs did not impair the sexual behaviour of the animals as indicated by the number of females with vaginal spermatozoa or a copulatory plug. The number of pregnancies in inseminated females was only decreased significantly by indomethacin. This antifertility effect of indomethacin was reproduced in a second group of 5 rats. Fertility was also reduced with phenylbutazone and acetylsalicylic acid, but these reductions were not significant when results for the treated rats were compared with those of the concurrent control groups. Naproxen caused no decrease in fertility at either dose level studied. None of the treatments affected the number of implantation sites in pregnant rats. Except for indomethacin (see below), higher doses of the drugs were not studied because of toxic side-effects.
At the dosage levels shown in Table 2 , none of the drugs affected body weight in the rats during the period of treatment. The general behaviour of the rats was only altered in the animals treated with indomethacin: 1 of these rats became apathetic (but still showed sexual drive) and died after 5 days of treatment. Severe gastrointestinal lesions and haemorrhages were found in this animal. A fertility experiment in which 5 male rats received a higher dose of indomethacin (4 mg/kg twice daily) was interrupted because the animals lost weight, became apathetic and 1 rat died after 4 days of treatment. Plasma concentrations of indomethacin in these rats were about 30 µg/ml at 1 h after injection. In all of these rats, gastrointestinal haemorrhage was found. Similar but less marked gastrointestinal bleeding was also observed in some rats after treatment with acetylsalicylic acid (150 mg/kg twice per day), but not in the naproxen-and phenylbutazone-treated animals.
Effect on PGE-2 concentrations in seminal fluid
At the dose levels used for the fertility studies, all the drugs except phenylbutazone decreased significantly PGE-2 concentrations in seminal vesicle fluid by 80-90% (Table 3) . Phenylbutazone reduced PG levels by only 25%, which was not significant. concentrations by a 4-day treatment of volunteers with the non-steroidal anti-inflammatory drugs flurbiprofen and lysine salicylate had no effect on sperm motility and other sperm parameters (Freixa et al., 1984) . Addition of PGs to intravaginally inseminated semen has been shown to increase the fertilization rate in rabbits (Chang, Hunt & Polge, 1973; Spilman, Finn & Norland, 1973) and sheep (Dimov & Georgiev, 1977) , most probably by increasing sperm transport in the female reproductive tract through effects on the smooth musculature (Mandi, 1972; Chang et ai, 1973) . More recent studies on human sperm function have shown that addition of PGE-2 to human semen samples increased the motility and ovum-penetrating ability of the spermatozoa (Aitken & Kelly, 1985) . Besides effects of seminal PGs on sperm motility and transport, there are studies which indicate that PGs may contribute to the ejaculatory process by effects on the smooth muscles of the male reproductive tract (see Cenedella, 1975) . While most of the above-cited data indicate that seminal PGs enhance male fertility, some animal studies have shown that intrascrotal or intratesticular deposition of high doses of PGEs or PGF-2ot induce temporary sterility in rats and rabbits, probably by impairment of spermatogenesis (Saksena, Lau & Chang, 1978; Saksena & Lau, 1979; Rej & Chatterjee, 1980) . From these results it was suggested that inhibition of testicular PG synthesis could improve male fertility (Cenedella, 1975) (Marley & Smith, 1974) , indomethacin decreased fertility significantly in rats. However, this effect was apparently not due to the decrease in PG levels induced by indomethacin, because both naproxen and acetylsalicylic acid reduced PGE-2 levels in seminal fluid to an extent similar to that of indomethacin without any significant effect on fertility. Reduction of fertility by indomethacin may therefore be secondary due to toxic side-effects, which are more pronounced in the rat than with any of the other non-steroidal anti-inflammatory drugs studied. Phenylbutazone, which dis¬ played a certain inhibitory effect on fertility, exerted no significant effect on PGE-2 levels, most probably because the dose used was not high enough for complete inhibition of PG synthesis in rats (Matsuda et al., 1983) . However, the effects of phenylbutazone and the other drugs on PGE-2 were studied by determination of basal concentrations, as rats that were not mated with females were used. Thus, the effects of the drugs on PGE-2 concentrations during mating may have been differ¬ ent. Furthermore, PGE-2 concentrations measured in the seminal vesicle fluid may not reflect PGE-2 concentrations in the semen. Nevertheless, the present finding that almost complete inhibi¬ tion of PG synthesis as accomplished with naproxen or acetylsalicylic acid had no significant effect on fertility would seem to indicate that PGs do not participate in the control of reproductive physiology in male rats. The PG content of rat semen is about 1-5 ng/ml (Ventura & Freund, 1973) compared to about 50 ng/ml in rabbit semen (Schlegel et ai, 1983) , about 40 µg/ml in ram semen (Bydgeman & Holmberg, 1966) and about 400 µg/ml in human semen (Gerozissis & Dray, 1981) . The major PG present in accessory sex tissues of male rats is PGE-2 (Gerozissis & Dray, 1977) which is the only PG detectable in rat seminal fluid (Gerozissis & Dray, 1981) . Because of the low endogenous PG concentrations in semen of rats and rabbits, a physiological role in sperm transport has been questioned (Mandi, 1972; Ventura & Freund, 1973) . However, Schlegel et al. (1983) have shown that reduction or inactivation of PGs in rabbit semen significantly reduces the fertilizing ability of the semen. In view of the present data, this indicates that seminal PGs play different roles in the fertility of male rabbits and rats, and we therefore plan to test these same drugs in rabbits.
In conclusion the present study has shown that reduction of seminal prostaglandins in rats by different non-steroidal anti-inflammatory drugs does not affect fertility. This does not exclude that such drugs may affect fertility in other species, especially those with high seminal prostaglandin levels, such as primates and sheep.
